Blood samples of 218 children ages 2-14 years old with confirmed malaria in hospitals across Ghana were tested for dengue virus exposure. We detected dengue-specific immunoglobulin M (IgM) antibodies in 3.2% of the children, indicating possible coinfection, and IgG antibodies in 21.6% of them, which suggests previous exposure. Correlates of exposure are discussed.
INTRODUCTION
Misdiagnosis of febrile illnesses as malaria remains a challenge in Africa, 1 despite evidence that the proportion of fevers attributable to malaria has decreased over the last two decades. 2 Although urbanization has suppressed the global malaria burden, 3 it has also driven the emergence of many arboviral diseases, including dengue fever, 4, 5 and newly revised estimates of the global dengue burden suggest that it is probably significantly larger than previously estimated. 6, 7 Recent seroprevalence surveys have uncovered dengue exposure throughout sub-Saharan Africa, 7 and west Africa has been identified as a potential hotspot for transmission because of the existence of the Aedes mosquito vector, historical arbovirus transmission, rapid urbanization with inadequate sanitation, and low clinical knowledge of flavivirus infections. 8 Malaria transmission is endemic in Ghana, and healthcare practitioners at many urban healthcare facilities presumptively diagnose malaria using clinical algorithms. Between 2001 and 2006, 47% of healthcare facility visits by children and 37% of healthcare facility visits by adults resulted in a clinical diagnosis of malaria. 9 Because of resource constraints, fewer than 10% of malaria diagnoses were confirmed by blood examination between 2007 and 2011. 10 Data from 2013 suggest that less than one-third of all national malaria diagnoses are currently confirmed by blood analysis, and clinical staff diagnose approximately 40-50% of all sick childrenand about 40% of all outpatients-with malaria. 11 In a recent study of 605 feverish children who sought care at a hospital in Accra, it was revealed that only 11% tested positive for malaria by microscopy after 80% had been diagnosed with malaria and treated with antimalarials. 12 These findings show that the etiology of febrile illness includes much more than Plasmodium infections and underscore the urgent need to begin examining the possible role of other pathogens.
This study was implemented as a pilot for a broader population study of the etiology of febrile illness in Ghana and began by testing for evidence of dengue exposure in 218 children with laboratory-confirmed malaria.
METHODS
This study investigated the possible role of dengue virus (DENV) in febrile illness by testing archived plasma samples that were collected from children ages 2-14 years old who tested positive for malaria at local health facilities in three The inclusion criteria for enrollment were (1) resident in the respective community for at least the preceding 6 months, (2) age between 2 and 14 years old, (3) positive for malaria by rapid diagnostic test (RDT), and (4) having a parent or guardian who willingly signed the study consent form for the child's participation and answered a short questionnaire. Venous blood was collected into heparinized tubes and centrifuged, and plasma was harvested and stored at −80 C until use.
Dengue-specific immunoglobulin M (IgM) and IgG were detected in plasma samples using the Capture DxSelect enzyme-linked immunosorbent assay (ELISA; Focus Diagnostics, Inc., Cypress, CA). The sensitivity of the IgM DxSelect Kit assessed by assaying well-characterized sera was reported as 96% (73 of 76), with specificity pooled from multiple sites reported as 97% (296 of 306) and a 27% (9 of 33) crossreactivity rate with other flavivirus infections. 13 The sensitivity of the IgG DxSelect Kit for well-characterized sera was 96% (76 of 79), with pooled specificity reported as 93% (253 of 271) and a 61% (20 of 33) cross-reactivity with other flaviviruses. 14 In addition, viral RNA was extracted from the plasma samples using the QIAamp Viral RNA Mini Kit (Qiagen N.V., Venlo, The Netherlands) followed by detection of specific DENV serotypes 1-4 (DENV-1 to -4) using the AgPath-ID One-Step Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) Kit (Applied Biosystems, Foster City, CA) on an ABI 7300 Fast Dx Real-Time PCR Instrument (Applied Biosystems) as described previously. 15 
RESULTS
Demographic characteristics of the study population are presented in Table 1 . Of 218 plasma samples tested, 7 (3.2%) were positive for dengue-specific IgM, whereas 47 (21.6%) were positive for dengue-specific IgG. The IgG response differed significantly across study sites (χ 2 = 8.29, P = 0.016), with a lower rate observed in Kintampo compared with Accra To evaluate predictors of positive IgM and IgG antibody responses in the study cohort, we implemented multilevel logistic regression models using the GLIMMIX procedure in SAS 9.3 (Cary, NC) to control for three study sites in Ghana. Independent measures from Table 1 were introduced in separate blocks of sociodemographic, behavioral, and biomedical measures; any model terms that presented convergence issues caused by lack of variation were removed. In the full model presented in Table 2 , only two measures were statistically significantly associated with higher odds of an IgM response: lower daily bed net use (P = 0.018) and higher parasite density (P = 0.030). This result may be spurious, caused by the low number of positive IgM responses detected per study site, and reflected in higher −2 residual log pseudolikelihood for this model. Daily bed net use and parasite density were negatively related, with daily bed net users averaging two times the parasite density as non-users (88,497/μL versus 43,914/μL; F = 6.24, P = 0.013). Mean parasite density was higher for seven IgM-positive children relative to the rest of the sample, but the difference was not statistically significant.
We only assessed sociodemographic predictors of 47 IgG responses because current symptoms and health-seeking behaviors would not be indicative of previous exposure to DENV (i.e., more than 90 days ago). As presented in Table 2 , these cases were less likely to come from parents who owned a cement house (P = 0.019) or farm (P = 0.008). This result is more intuitive, because DENV transmission is typically driven by the ubiquitous presence of water-holding containers in the Table 2 β-Coefficients and SEs for random intercept models assessing the association between demographics, symptoms, and parasitemia on prevalence of dengue-specific IgM and IgG antibodies among Ghanaian children urban environment (as both household objects and refuse); higher-quality housing would be expected to protect against dengue transmission by limiting the Aedes vectors' access to residents in the home. The vast majority of these children have lived in a single home and typically spend little time outside of their community, thus implicating local exposure.
CONCLUSION
Our findings highlight the complexity of febrile illnesses in Ghana by revealing previous dengue exposure in 21.6% of 218 children and recent exposure in 3.2% of children. This may be the first seroprevalence survey in Ghana for dengue exposure, which is increasingly being recognized as a neglected tropical disease in west Africa. 16, 17 We observed dengue exposure in an unlikely population-confirmed malaria caseswhich is probably the tip of the proverbial iceberg for local dengue fever epidemiology. Our study sample is precisely the opposite population of febrile illness patients who we would normally screen for active dengue infection, because we would assume that laboratory-confirmed malaria patients have been properly diagnosed. Given that the local dengue fever burden probably remains obscured by misdiagnosed malaria cases, the prevalence of DENV (and potentially, other flaviviruses) in malaria-negative febrile illness patients is likely to be higher.
The epidemiological profile of infectious diseases remains cloudy in west Africa and demands a more detailed assessment of the local viral fever baseline. Improved clinical awareness, surveillance, and diagnostic testing of febrile illness present a substantial opportunity to improve population health and deploy healthcare resources more efficiently throughout the region.
